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57 ABSTRACT 
A copying process for producing a seamless copy from 
an unjointed original mounted on a carrier cylinder 
utilizes electronic control circuitry to "stretch' the 
copy of the artwork to exactly 360 on a printing cylin 
der, to produce matched endless joints. The circumfer 
ential length of the original is first determined and then 
the original is scanned by a "read" scanner, the output 
of which is digitized and temporarily stored in memory. 
The contents of the memory are used to modulate a 
power laser during scanning to "write' on the printing 
cylinder but readout from the memory is adjusted in 
accordance with the circumferential length determined 
to produce the required jointing. The system may be 
varied to produce flexographic rollers, gravure cylin 
ders or general copying. 

9 Claims, 5 Drawing Figures 
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COPYING PROCESS FOR PRODUCING A 
SEAMLESS COPY FROMAN UNJOINTED 

ORIGINAL 

The present application is a division from our pend 
ing prior application Ser. No. 967,841 filed on Dec. 8, 
1978, now U.S. Pat. No. 4,232,345 itself a continuation 
in-part from application Ser. No. 928,410, filed July 27, 
1978, now abandoned, which in turn is a continuation of 
our application Ser. No. 805,980 filed June 13, 1977, 
now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention concerns a copying process 

including a "read' scan of an original and a "write' 
scan utilising a laser beam modulated in accordance 
with the "read' scan. The invention is applicable to the 
production of flexographic rollers by laser engraving, 
or gravure cylinders by laser engraving or by a photo 
resist method and to general copying. 

2. Description of the Prior Art 
It is known to engrave flexographic printing rollers 

by means of a laser beam, wherein a master roller carry 
ing the original artwork is mounted coaxially with, and 
on the same drive shaft as, a printing roller which latter 
is covered with a special polymeric material that can be 
cut sharply by a laser beam without deleterious edge 
damage effects. The original artwork is transferred to 
the printing roller surface either by optical scanning or 
by a system employing a copper mask. 

Optical scanning involves the use of a master roller 
and a printing roller of identical dimensions rotated 
together. A photo-electric scanning device provides an 
output from its scan of the artwork to pulse the laser. 
This method suffers from the disadvantages that either 
the rollers must be moved smoothly and continuously 
past the scanning device and the laser, or (where the 
rollers are particularly heavy) the device and the laser 
must be moved past the rollers. This mechanical ar 
rangement results in an elongated, cumbersome appara 
tus requiring a great deal of space. Further, problems of 
inertia arise when starting or stopping the rotary and 
traversing movements of the relatively heavy objects 
involved. Also it is difficult accurately to align adjacent 
pieces. Moreover, where geared drives are used, fluctu 
ations in speed at tooth frequency inveitably arise. Fi 
nally when it is desired to replace the rollers by rollers 
of different dimensions, the replacement procedure is 
cumbersome. 
The mask system requires the preparation of a mask 

by a photo-etching technique resulting in a pattern of 
copper foil and plastics film unprotected by copper, to 
correspond to the original artwork. The mask is then 
placed on the printing roller. The copper reflects the 
laser beam while the plastics film is consumed and the 
beam can then attack the polymeric roller surface. This 
method has nearly all of the shortcomings of the optical 
scanning system mentioned above, and has the addi 
tional defect of involving the extra step and expense of 
requiring a mask to be in the first place; furthermore, 
the mask cannot be re-used. 
The above mentioned disadvantages of both methods 

are serious enough; however, perhaps their most impor 
tant and common defect is that they require a great deal 
of expensive, time-consuming labour by skilled opera 
tors before a jointed printing surface that appears seam 
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2 
less (endless) can be produced from an unjointed art 
work original. 
SUMMARY OF THE PRESENT INVENTION 

The present invention seeks to eliminate or at least 
reduce, the above-mentioned disadvantages, and to 
provide a copying process in general, and in a particular 
application, a laser engraving process for producing 
flexographic or gravure printing rollers which greatly 
simplifies the mechanical arrangement. In one of its 
broad aspects, the process provides the automatic pro 
duction of a jointed printing surface from an unjointed 
artwork original; while in another broad aspect, it opens 
up the possibility of separating both physically and in 
time, and by any desired amount, the artwork scanning 
stage and copy-making stage of the process by long 
term storage of the information obtained from the scan 
in a convenient manner, e.g. magnetic tape storage. 

In preferred embodiments representing refinements 
of the broad aspects, heavy lasers or cylinders need not 
be moved; a continuous printing cylinder can be pro 
duced from an unjointed master; a direct copying pro 
cess is employed to obviate mask-making; the design 
information can be compressed so that repeats, mirror 
images and other derived "units' of the original art 
work, obtained by a suitable transformation, need not be 
drawn out in full in the artwork; and great flexibility is 
afforded for the use of optional features by suitable and 
easily accomplished changes in the control electronics. 
According to the present invention there is provided 

a copying process for producing a seamless, jointed 
copy from an unjointed original, said process compris 
ing mounting the original on a first rotary carrier with 
a circumferential gap between the leading and trailing 
edges of the original, initially scanning the original to 
measure the circumferential length of the original, con 
tinuing scanning of the original and storing the data 
obtained during the scan in a store, reading data from 
the store and modulating a power laser in accordance 
with the data read from the store, directing the modu 
lated laser beam towards a second rotary carrier to scan 
and engrave a laser-engravable surface of the second 
rotary carrier, and controlling the store according to 
the length measured in initially scanning the original to 
ensure that each scan of the second carrier is filled by 
data from the original outside the gap. 
Although it is feasible to mount them on separate 

discrete platforms, preferably the "read' and "write' 
scanning means are mounted on a common, displace 
able platform while advantageously the "writing' laser, 
e.g. a CO2 laser, is stationary and its modulated output 
is transmitted to the printing/copy surface via a “write' 
scanning head on the platform. In certain cases, how 
ever, the writing laser may be sufficiently light to be 
mounted directly on the platform and then the "write' 
scanner is constituted by the laser itself, in conjunction 
with optical means for focusing the laser beam. 

Advantageously, the axes of movement of the carri 
ers are parallel. 

Preferably the “read' scanning means consists of 
optical elements, such as mirror(s) and/or prism(s) for 
directing a collimated beam at the artwork, preferably a 
laser beam from a stationary He-Ne laser, and of elec 
tro-optical transducer means for receiving the radiation 
reflected from the artwork and for transforming it into 
an electrical waveform representative of the optical 
density of the scanned artwork. However, in a modifi 
cation the He-Ne laser may also be mounted on the 
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platform and then the said optical elements may be 
obviated. Also, scanning need not be optical and any 
functionally equivalent mechanical, electromechanical 
or electrical scanning system may be used. 
Means may readily be provided with means for ad 

justment for variations in cylinder length or diameter, 
size of screen, drive speed etc. 
The apparatus for carrying out the process may con 

sist of a first assembly which includes the first carrier, 
drive means for the first carrier, the "read' scanning 
means, the said store, and means for storing processed 
signals from the store in a long-term (permanent) store; 
and a second assembly which includes the "writing' 
laser, means for reading out information from said long 
term store and passing said signals to the laser to modu 
late its output, the "write' scanning means and associ 
ated drive means, the second carrier, and second drive 
means for the second carrier; the said assemblies being 
physically separatable from each other to mutually 
remote locations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the invention will now be 
described with reference to the accompanying purely 
schematic drawings wherein: 
FIG. 1 is a schematic layout of the mechanical ele 

ments of the apparatus, 
FIG. 2 is an information diagram in modular form, 
FIGS. 3 and 4 are block diagrams of parts of the 

apparatus. 
FIG. 5a shows a portion of a surface of artwork, and 
FIG. 5b is a waveform generated in scanning the 

surface portion of FIG. 5a. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

In FIG. a master roller 10 is adapted to be rotated 
by a drive means 11 and a resolver 12 is provided to 
give information about the instantaneous position of the 
roller 10. An unjoined artwork 13 is mounted on the 
roller with its leading and trailing edges circumferen 
tially spaced, as shown. 
The artwork 13 is scanned by a He-Ne laser 14 via a 

scanning head 15 mounted on a platform 16 which is 
intermittently advanced in very small steps on a lead 
screw 17 by a stepper motor 18. A resolver 19 is associ 
ated with the stepper motor to provide information 
about the instantaneous position of the platform. 
The platform 16 also carries a “writing' head 20 

receiving the pulsed beam of a power (CO2) laser 21 and 
passes this beam to the printing surface of a printing 
cylinder 22 which has a diameter smaller than that of 
the master cylinder 10. Thus artwork which is to be 
reproduced on a nominal 1:1 scale can be wrapped 
around the cylinder 10 leaving a gap. The axes of the 
cylinders 10, 22 are parallel. The cylinder 22 is rotated 
in use by drive means 23 and information as to its instan 
taneous position is provided by a resolver 24. 
The diagram of FIG. 2 shows the apparatus in modu 

lar-schematic form. A single full line with solid arrow 
represents an electrical connection; the single broken 
line and arrow represent the "read' or He-Ne laser; the 
double broken line and arrow represent the "write' or 
CO2 power laser; and the double solid lines represent a 
mechanical connection. A block 25 represents logic 
controlling the addressing of a random access memory 
27, and has inputs connected to the master roller re 
solver 12 and to scanner resolver 19. The memory 27 
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4. 
stores a single-line at a time, and addressing relates to 
angular measurement in the plane of scanning so that 
the difference in diameters of the cylinders 10 and 22 is 
irrelevant to the addresses stored. This store is to be 
distinguished from the optional large-scale, permanent 
store, e.g. tape store, referred to above. The dotted 
vertical line 27a between the single-line store 27 and a 
latch circuit 28 in FIG. 2 indicates schematically the 
preferred location of the physical separation of the first 
and second assemblies, as referred to above. 
While the modules 25, 27, 28 and 32 are explained 

below with reference to FIG. 3, it is mentioned briefly 
that module 29 represents a facility for manual adjust 
ment of the stepper motor drive 18 according to screen 
size, and module 30 is representative of a variety of 
ancillary units such as power supplies, manual inputs, 
main motor control, synchronisation of the roller 
drives, safety devices (e.g. to prevent laser operation 
when the drive is OFF or when there is no artwork 
present on roller 10) and fume/vapour extracting de 
vices. 
The address logic 25 is shown in more detail in FIG. 

3 together with the scanner 15, comparator logic 32 
which is explained below, the store 27 and the latch 
circuit 28 the function of which is to switch the laser 21 
on and off as required. 
The address logic carries out the function of auto 

matic jointing by writing a single circumferential line of 
data from the scanner 15 into the random access mem 
ory 27 and reading it out again to control the operation 
of the writing laser 21 in such a way that data scanned 
during any joining gap in the artwork 13 is omitted and 
the stored data is stretched to occupy a complete revo 
lution of the roller 22 on read-out from the memory. 
The address logic will now be described for an embodi 
ment of the invention in which shortly after each point 
(except in the gap) is scanned in a circumferential scan 
of the artwork 13, a corresponding engraving operation 
is carried out in a concurrent circumferential engraving 
operation on the printing cylinder 22. 
The gap in the artwork is indicated by means of two 

register marks 34 and 35 shown in FIG. 1. While the 
rollers 10 and 22 rotate but before engraving begins, the 
operator positions the scanner over these marks and 
operates a "set jointing factor' control of initialising 
logic 36. A reset pulse is applied to an artwork-length 
counter 37, a write-address counter 38 and a read 
address counter 39. The initialising logic 36 also applies 
an enable signal to the artwork-length counter 37, en 
abling the counter 37 to count clock pulses from a clock 
pulse generator 41 during the interval between the 
“start” register mark 34 and the "finish' register mark 
35. Thus one revolution after the "set jointing factor' 
control has been operated, the artwork-length counter 
37 contains a number proportional to the length of the 
artwork, and this number remains constant while the 
artwork 13 is completely scanned. 
The frequency of pulses from the clock pulse genera 

tor 41 is divided down and used to supply the drive 
means 11 and 23 which may be either stepper motors or 
digital servos so that both the cylinders 10 and 22 turn 
through one revolution within a precise number of 
clock pulse periods. The clock pulse generator is also 
synchronised with resolvers 12 and 19 and generates a 
series of "write' signals on a line 42. The "write' sig 
nals allow the random access memory 27 to perform 
four internal cycles (one read cycle, a zero cycle when 
no external operations are carried out, and one or two 
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write cycles) for every clock pulse depending on the 
jointing to be carried out. In each write cycle the ran 
dom access memory 27 is in a "read' condition and 
stores information from the scanner. 15 by way of the 
logic 32. "Read' signals are generated by an inverter 43 
coupled to the line 42, and cause data to be read out and 
used to modulate the laser 21. 
An address selector 44 selects addresses for the mem 

ory 27 either from the write-address counter 38 or, 
when a signal is applied to the selector from the inverter 
43, from the read address counter 39. ' ', 

In a "write" cycle, the address selector takes an ad 
dress for the memory 27 from the write-address counter 
38 which is incremented by clock pulses as scanning 
progresses and data from one point in the scan is stored. 
However, if a gap is to be filled no data is to be written 
while the gap is scanned and this is achieved by provid 
ing write operations additional to those initiated by 
clock pulses so that zero data are stored at the addresses 
provided during the additional "write' operations. 
These additional "write' operations are described 
below after a description of the "read' cycle. - . 
When after a “write' cycle, a “read' cycle for the 

memory 27 is initiated following a clock pulse by signals 
from the invertor 43, the address selector 44 selects 
addresses from the read-address counter 39. Clock 
pulses increment this counter (at the same time as the 
counter 38) steadily at a rate which causes all the data 
from the memory to be read out by way of the latch 
circuit 28 to the write laser 21 in one revolution of the 
cylinder 22 stretching the data and filling the gap. How 
ever, it will be appreciated that the "read' cycles 
closely follow "write' cycles so that data items are read 
out shortly after having been written. The latch circuit 
28 is controlled by pulses from the resolver 24 so that 
data is only read out at the end of a "read' cycle. 
When the read-address counter 39 reaches its maxi 

mum value it overflows and returns to zero, and at the 
same time resets the write-address counter 38, allowing 
a new cycle of read operations to commence. 

Additional write operations are initiated by a com 
parator 46 which compares the value held in the write 
address counter with that in the artwork-length 
counter. If the latter is greater or equal to the former an 
additional write pulse is generated which is applied to 
the memory 27 by way of an OR gate 47 and an AND 
gate 48. Each additional write pulse is also passed back 
to increase the content of the write address counter by 
one until the counter overflows when further write 
pulses are prevented from reaching the memory 27 or 
the counter 38 by an inverter 49 which closes the AND 
gate 48. Thus the write address counter reaches its 
maximum content at the beginning of the gap and fur 
ther write operations for the memory 27 are prevented. 
For example, if the number of clock pulses per revo 

lution is 26=65536 and the artwork-length counter 37 
contains the number 64536, then 1000 additional write 
pulses will be generated. 

If the output of the write address counter were cou 
pled conventionally to the comparator 46, all the addi 
tional write pulses would occur at the end of a scan and 
only the data at the scan end would be stretched to 
cover the gap. In order therefore to stretch the artwork 
in a more uniform way additional write pulses are made 
to occur with a more even spacing. For this reason the 
connections from the write address counter 38 to the 
comparator 46 are reversed with the result that the most 
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significant counter bit is applied to the least significant 
comparator input and vice versa. 
. The effect is illustrated as follows: If the artwork 
length is equivalent to 65532 clock pulses (that is 
1111111111111100) this number is only equal to or ex 
ceeded by: 

1111111111111100 
1111111111111101 

; : 1111111111111110 
1111111111111111 

and the reversed numbers giving the above numbers are 
0011111111111111s 16383 
1011111111111111=49151 
0111111111111111=32767. 
1111111111111165535 

Hence one additional write pulse occurs when each of 
the last four binary numbers given above occur. The 
number of pulses is unchanged since the write address 
counter cycles through all its possible states. This 
scheme may be extended to non binary systems pro 
vided that the input to the comparator 46 from the 
counter 38 cycles through all valid numbers from zero 
to maximum. 
The comparator logic 32 of FIG. 3 is shown in more 

detail in FIG. 4. Due to limitations in the size of light 
spot produced by the scanning laser 14 and the quality 
of the artwork, the signal from the scanner 15 when a 
small mark occurs on the artwork may not reach the 
levels associated with large areas of black or white. This 
effect is shown in FIG. 5(a), where a scan 50 passes over 
a white area 51 with black marks and then a black area 
52 with white marks, and FIG. 5(b) where the resulting 
scanner output waveform 53 is shown. 

If a single threshold level x is used to distinguish 
black from white, no value for x can be found which 
ensures that small black and white areas will be repro 
duced. For this reason two levels are used, equal to 
x(1+k) and x(1-k), as is now explained. 
The levels are generated by the circuit of FIG. 4 

where a potentiometer 54 is used to set the level x at the 
output of a buffer amplifier 55. A proportion k of x is 
selected using a "grey-scale' potentiometer 56 and 
passed by way of a buffer amplifier 57 to an adder 58 
and a subtractor 59 which also receive the voltage x. 
Thus reference levels x(1+k) and x(1-k) are provided 
for comparators 60 and 61, respectively, to which the 
outputy of the scanner 15 is applied. 

... If y) x(1+k), the output of the comparator 60 is high 
as is the output of an OR gate 62 which is coupled to the 
random access memory 27 by way of a D type flip-flop 
66. If y <x(1-k), an AND gate 63 and an inverter 64 set 
the output of the OR gate 62 low. When 
x(1-k)<y <x(1 + k), a bistable 65 determines the out 
put of the OR gate 62 according to whether this "grey' 
band was entered from above or below. If it was en 
tered from above (that is from a white region) the bista 
ble is reset and the OR gate output is low, and con 
versely if it was entered from below, the OR gate out 
put is set high. 
The flip-flop 66 which is clocked by the generator 41 

of FIG. 3 holds the output signal from the OR gate 62 
steady except during clock pulses. 
The drive may be co-ordinated so that for each revo 

lution of the carrier (10) and printing (22) cylinders the 
stepper motor 18 drives the platform 16 by one step and 
a full circular line is engraved for each such revolution; 
alternatively, however, it could be arranged that two or 
more complete cylinder revolutions perform the en 
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graving of one complete circumferential line while the 
platform is caused to move axially by an increment 
which is smaller than the axial step associated with the 
normal "read' scan, whereby to improve the “write' 
resolution of the system; during an additional revolu 
tion, then, the platform 16 is stepped for a subsequent 
SC2, 

Means may be provided for the initial alignment of 
the system with the "reading' scanning beam, and for 
the rapid detection and display of misalignment be 
tween the leading and trailing edges of the joint, e.g. 10 
register marks. 
What is claimed is: 
1. A copying process for producing a seamless, 

jointed copy from an unjointed original, said process 
comprising mounting the original on a first rotary car 
rier with a circumferential gap between the leading and 
trailing edges of the original, rotating the first carrier, 
initially scanning the original to measure the circumfer 
ential length of the original, continuing scanning of the 
original and storing the data obtained during the scan in 
a store, reading data from the store and modulating a 
power laser in accordance with the data read from the 
store, providing a second rotary carrier and rotating the 
second rotary carrier, directing the modulated laser 
beam towards the second rotary carrier to scan and 
engrave a laser-engravable surface of the second ratory 
carrier, and controlling the store according to the 
length measured in initially scanning the original to 
ensure that each scan of the second carrier is filled by 
data from the original outside the gap. 

2. A process according to claim 1, further comprising 
the steps of rotating the carriers by mechanically inde 
pendent and unconnected but electronically synchro 
nized drive means. 

3. A process according to claim 1, further comprising 
the step of variably controlling the time relationship 
between the associated "read' and "write' scans, 

4. A method according to claim 1, wherein the initial 
and continuing scanning steps and the storing step are 
followed by the step of storing processed signals from 
the store in a long term (permanent) store, and, after a 
time interval of desired length, reading out information 
from said long-term store and passing the information to 
the engraving laser to modulate its output. 

5. A process according to claim 1, wherein the said 
initial scan is performed by storing in an artwork 
counter a count representing the said circumferential 
length, comparing the output of the artwork counter 
with the content of a write-address counter, initiating 
store-write operations and store-read operations during 
scanning, and initiating an additional store-write opera 
tion and also increasing the content of the write-address 
counter each time the content of the write-address 
counter bears a predetermined relationship, with the 
content of the artwork counter. 

6. A copying process for producing a seamless jointed 
copy from an unjointed original, said process-compris 
ing: mounting the original on a first rotary carrier with 
a circumferential gap between the leading and trailing 
edges of the original, providing a second rotary carrier 
including a laser-engravable copying surface; rotating 
said first and second carriers, moving a "read' scanning 
means relative to the first carrier to measure the circum 
ferential length of the original and to scan the original 
on the first carrier; passing the information from the 
"read' scan to a laser to modulate the output of the 
laser; and causing relative movement between the mod 
ulated laser output and the second carrier so as to per 
form a "write' scan to transfer a pattern derived from 
the "read' pattern to the copy surface; wherein the 
information is passed to said laser by first passing it to a 
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8 
random-access memory store (RAM) for storing data 
obtained in scanning the original; and controlling said 
RAM store in accordance with the circumferential 
length measurement to ensure that each scan of the 
second carrier is filled by data from the original outside 
the said gap. 

7. A process according to claim 6, further comprising 
storing a count representing the circumferential length 
in an artwork counter; comparing the output of said 
artwork counter by a comparator with the content of a 
write-address counter, initiating store-write operations 
and store-read operations in said RAM store, during 
scanning, and initiating an additional store-write opera 
tion by said comparator and also increasing the content 
of the write-address counter each time the content of 
the write-address counter bears a predetermined rela 
tionship with the content of the artwork counter. 

8. A process according to claim 7 including providing 
the comparator with a plurality of binary bit input ter 
minals corresponding to the binary bit significance of 
input signals applied thereto, providing the write 
address counter with a plurality of binary bit output 
terminals corresponding to the binary bit significance of 
output signals derived therefrom, and connecting the 
most and second most significant bit output terminals of 
the write-address counter to the least and second least 
significant bit input terminals of the comparator, respec 
tively, and so on in sequence with the least significant 
bit output terminal of the write-address counter being 
connected to the most significant bit input terminal of 
the comparator. 

9. A copying process for producing a seamless copy 
from an unjointed original mounted on a first rotary 
carrier with the leading and trailing edges of the origi 
nal separated by a gap, said process comprising the steps 
of providing a second rotary carrier with a laser 
engravable copy surface; rotating said first and second 
carriers, moving a "read' scanning means relative to the 
first carrier to measure the circumferential length of the 
original and then to scan the original on the first carrier; 
passing the information from the "read' scan to a laser 
to modulate the output of the laser; causing relative 
movement between the modulated laser output and the 
second carrier so as to perform a "write' scan to trans 
fer a pattern derived from the "read” pattern to the 
copy surface; 

said information-passing step including storing data 
obtained in scanning the original in a store; 

controlling the store in accordance with the result of 
measurement of circumferential length and filling 
each scan of the second carrier by data from the 
original outside the gap; 

the said information-passing step further including 
generating in a comparator logic a binary output 
signal dependent on the magnitude of the signal 
from the scanning means for modulating the output 
of the laser to cause light to reach the second car 
rier in one binary state and to prevent light reach 
ing the second carrier in the other binary state, and 
wherein an output signal in the first binary state is 
generated if either yd x(1 --k) Ot 
x(1-k)<y <x(1+k) provided immediately before 
y was greater than x(1+k), where y represents the 
magnitude of the output signal of the scanning 
means, x represents a predetermined threshold 
level and k is a predetermined constant, an output 
signal being generated in the logic in the second 
binary state if either y <x(1-k) or 
x(1-k).<y <x(1+k) provided immediately before 
y was less than x(1-k). 
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